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Thin film techniques may be the key to future 
miniaturization of electrical equipment. The purpose 
of this thesis was to develop procedures for deposition 
of thin fi~ resistors and to test these deposited 
resistors. 
ii 
Starting with a vacuum system, equipment was designed 
and built to hold and heat the substrate, monitor the 
substrate temperature and deposited resistance, and to 
evaporate the material to be deposited. 
Resistors were deposited and tested for resistance 
between resistors, capacitance between resistors, and 
resistance of resistors. A heat aging test was also used 
comparing resistors with and without a silicon monoxide 
coating. 
iii 
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-I. INTRODUUTION 
In the past two decades, the electronics industry 
has been in a miniaturization revolution. The discovery 
of the transistor has radically changed the field of 
e~ectrical circuit design. Today, miniature components 
and circuits of all types are in demand. 
Microelectronic circuits are needed in many fields 
of electronics whenever weight, size, or complexity are 
of major significance. The military and space agencies 
have a large demand for components to be "small, light in 
weight, highly reliable, and resistant to the effects of 
apace racliation" (1). The computer industry has a need 
for maay circuits of the same design that are amal~ and 
highly re~iable. Also, many other industries are using 
m±o~lectronic modu~es to simplify their own design 
problems. 
1 
In order to meet these requirements, two types Qf 
microelectronics have evolved - ''thin film microelectronics, 
in Which an attempt is made to produce the complete circuit 
from thin films of a variety of materials, and semiconcluctor 
or "bulk" microe~ectronics, in which an attempt is made to 
produce the complete circuit in a small piece of semiconduc-
tor" (1) (2). Many times an actual circuit wil.l employ 
both technologiee and al.so use add-on units which are not 
pno~1.oal ill G-1:-.r fGI.'IIl. 
2 
Both technologies have advantages and disadvantages. 
They are both small in size, light in weight, and reliable; 
however, only thin films promise to be resistant to the 
effects of apace radiation {3). ODly highly doped semi-
conductor materials are resistant to the effects of space 
radiation. Transistors which are relatively lightly doped 
are not resistant to the effects of space radiation. 
Thin fi~s are now used for passive components only; active 
elements are attached in place. At the present time the 
operation of at least one thin fi~ active device has been 
demonstrated in the laboratory {1) 
This paper deals with an attempt to reach the state 
of the art of making thin film resistors. An attempt has 
been made to make the procesa simple and inexpensive. 
. -s 
A vacuum system., able to reach pressures below 10 111n Hg. , 
has been· the only major piece of equipnent. 
3 
II. REVIEW OF LITEHATURE 
Production of thin fi~ microelectronics has become 
the object of much research and development. Many industri-
al (3)(4)(5)(6) and government research laboratories,both 
national (7)(8) and foreign (9~ are interested in this and 
other forms of microelectronics. 
Before discussing the. various problems involved in. 
the production of thin films, it would be helpful to know 
just what a thin fiLm is. Liben defines a film to be 
thin "if any dimension is less than the mean-free path 
of its current carriers. At 0°C the mean-free path of 
an electron is usually in the range 0.01-0.1 microns(10). 
Some of the films conunonly used are therefore not "thin," 
but the use of the name, "thin film," for the entire 
) 
technique is convenient" (1). 
Many production problems are caused almost directly 
because a thin film is so "thin". A thin film will not 
have all the properties of the bulk material because surface 
effects have some effect on its properties (11). The 
substrate surface smoothness will affect the properties of 
a thin film also. A substrate which is smooth to less 
than 25 1 is preferable (1). Also, anv Unpurities or dust 
particles on the substrate will affect the properties of 
the film. Another problem associated with the film thick-
ness is the problem of monitoring the thickness of a thin 
film and making sure that the thickness is uniform (12) 
( 13 )(14). 
4 
Since the basic reason for thin films is miniaturiza-
tion, techniques must be devised to deposit the thin film 
in a vary small pattern of some type. To do this, the 
pattern is drawn 100 times or more actual size and photo-
graphic techniques are used to miniaturize the patte1~ 
(4)(15)(16)(17)(18). Then these photographs are used to 
make a mask of some type (9)(19)(20)(21). 
Because of the highly competitive commercial nature 
of thin film production, it is hard to obtain detailed 
technical information on the procedure involved. Also, 
these procedures if availab1e would be too varied and 
require much expensive equipment. However, an enormous 
amount of literature dealing general1y with production 
and more specifically with results is available. 
5 
III. DISCUSSION 
STJ~rEMENT OF PROBLEM 
When producing a thin film circuit of any type, the 
most important piece of equipment needed is a vacuum system 
-s 
capable of reaching pressures below 10 mm Hg. This system 
must have oertain'features designed and built into it or 
these features must be added. Figure 1 showS a picture of 
the base plate of the vacuum system used. This shows only 
the apparatus that.waa built into this vacuum system. 
Shown in this picture are: six high current feed through 
posts, three on each side; eight low current feed through 
lines, grouped together on the right side in·front; a 
motion feed through post Which can be rotated and·moved up 
and do~, shown on the left side in front; and a port for 
connection to the pumping system used, shown in the rear. 
This base plate is covered by an 18 inch bell jar When the 
system is in use. The pumping system used includes a 
mechanical pump for rough pump down and for pumping on the 
diffusion pump which is used for the lower pressures. Also 
included in this vacuum system is a high current, low volt-
age, transformer capable of providing 100 amperes at 20 
vblts, 200 amperes at 10 volts, or 400 amperes at 5 volts. 
Pressure and filament current can be monitored with meters 
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Figure 1. Vacuum system base plate. 
With this system available, other equipment, to be used 
inside the bell jar, must be built and tested. 
7 
Thin film resistors are produced by evaporating a 
resistive material inside a vacuum system. If the pressure 
is low enough, the evaporated rrlaterial will leave the 
evaporation heat source and will solidify or deposit on 
all surfaces which are cooler than the evaporation source. 
These thin film resistors are supported by depositing them 
on a material which is called a substrate. This substrate 
is masked to define the pattern of the deposited resistors 
and the resistance of the deposited film is monitored to 
control the final value of the deposited resistors. The 
substrate must also be heated during some depositions (8). 
After these thin film resistors are produced they must be 
tested to determine the validity of the procedure. The 
·following is a d~scussion concerning the equipment that 
was built, the procedures used, and the results obtained 
from these procedures. 
GENERAL ANALYSIS OF SOLUTION 
When designing the parts to work inside a vacuum system, 
it must be remembered that only certain materials will 
function properly in this type of environment. Suggested 
'materials, for pressures between 10., and 1010 torr (1 torr~ 
if \t #;J}-.:'·}; ~l ~' - "~_::· ', - : . ·~· • 
• Jr .!'!II 8g. ) , are "copper, Monel, ataJ.nless steel, ceramics , 
. ·,l'!W -~ ~--,A,'-J ~·,..#· ,i:);~.:.-~·h·-·· .'.-_-,.·,~i- .!.~-~~- ''r. -> -:··:r···~:<,.,./-·:'" -r 
.i!ll'f t.<t,: "',i• ,J, .. l\: :1: .... %'! :0: :4 'I' <> •.'"'"JI,':.A: '<.·, ·, '"' '" · ' , > 
glMa,. aJMI.VltOll ),• (23). Many other materi•:J.• contain 
internal gases which will be released at these pressures 
and therefore can not be used. 
The arrangement of equipment inside a vacuum system 
8 
as suggested by several sources, is shown in Figure 2 (1)(7). 
The substrate holder is not shown in this view for s~plicity. 
Since the vacuum system uaed was designed for resistance 
heating rather than sputtering or other forms of deposition, 
the charge materials (aee Figure 2) were chosen from materials 
that were suited to thia type of evaporation. Nichrome has 
been widely used for the resistance material (3)(8)(9)(11) 
and was chosen to be best suited for this exper~ent. 
Copper was chosen for the lead wires because of.its high 
conductivity, low cost, and because it is compatible with 
nichrome when deposited (8). Silicon monoxide was chosen for 
an insulating and protecting cover because of its ability 
to protect the n~chrome resistors during heat tests (22). 
When selecting the evaporation heat sources to be used, 
various typee of sources are available. Nichrome is best 
evaporated from an alumina crucible or an alumina coated 
tungsten conical basket at a temperature of 1600°0. The 
substrate temperature should be between 300°·c and 350°0 or 
higher (8)(9)(11). Copper can also be deposited from a 
resistance heated alumina basket (8). Silicon monoxide can 
be .. &pora'Md.' it\ a D.1:ab6r of diffaretl.t . ..,.. ; hoaver' sources 
apecUic~ly dee;l.....-s for silicon monex'td.e are available (22). 
9 
Figure 2. Arrangement of equipment. 
a. Bus Bar - brings the heater current to the fil.ament 
and supports it. 
b. Fil.ame.nt -. the heat source which provi.des the heat 
to vaporize the charge. 
c. Charge - the material which is to be vaporized 
and deposited on the substrate. 
d. Substrate - the material. on which the charge is to 
be deposited. 
e. Mask - the material which defines the shape of the 
deposited thin fil.m. 
f. ·Sphere - the charge will be deposited evenly along 
· · "'a·· sphere 'which has the charge as its center. 
The substrate should be at 300°C during deposition of 
silicon monoxide (8). 
Choosing a substrate material is a very important 
10 
aspect of thin film production. "Surface smoothness, 
mechanical strength and stability, electrical resistivity, 
surface leakage, and ac losses, the~aL expansion coeffici~t, 
chemical reactivity with deposited films, ancl costu are all 
factors in determining the type of substrate to be used (11). 
M1croscope slides appear to meet all these needs and they 
were used in this experiment. 
When depositing thin films, the substrate and all 
pieces of equipment should be thoroughly cleaned. Atl.y 
dust particles which are left on the substrate can cause 
pinholes in the pattern deposited. Since there was no 
''clean room" available, an attempt was ma.de to keep the 
substrates clean although no definite procedure could be 
developed. Washing in trichlorethelene and heating the 
substrate in the vacuum system were the only cleaning 
techniques used. 
The substrate should be smooth to dimensions much 
smaller than the film thickness. For reproducible results 
0 
using a 100 A film, the subttrate should be smooth to a 
0 
tolerance of 25 A. Fire polishing is a method of mru~ing 
the substrate smooth (1). This method was not tried 
hc:>,wever, ~cau•e the substrates were very suseptible to 
'bll•alcfAI• Wb.e.n heated. 
11 
There are several types of masking procedures, and a 
choice 't-Tas made to try two of these types. "These masks are 
usually made from thin metal sheet with openings which 
delinente the length, width, and location of the thin films 
deposited on the substrate. They are usually made by etch-
ing the metal sheet or by electroforming nickel to build up 
the sheet" {1). ttAnother approach, the chemical etch-back 
technique is a mixture of the vacuum evaporation, chemical 
etching, anodization, and :the photolithography processes. 
It has the advantage of using simpler pro·cessing equipment 
- - 1..,;-_· 
••••• -_~!.1: "• 1: but is l~m~ ted ~n ~ t$'·~poteni:).al usefulneq'1 ( 1) • 
DESIGN OF EQUIPMENT 
1. Substrate Holder 
The substrate holder was designed with a stainless 
·steel plate, three steel upright supports, and three copper 
arms between the upright supports and the stainless steel 
plate (see Figure 3). It was designed this way to allow 
the substrate holder to be moved within the bell jar so 
that the substrates would be directly above the source in 
use. The stainless steel plate contains two rectangular 
holes Which allow deposition through the plate and onto the 
two substrates which set on top of the plate. One of these 
positions is used far the substrate and the other is used 
for a resistance monitor. Three aluminum bars are attached 
to tb.tl top of tld.s p1at• to be used. as guides in al.igning 
12 
Figure 3. ubstrate holder. The resistance monitor masks 
a . shown in front on this view. 
13 
the substrate, to hold the resistance monitor glass ma.sk, 
to hold the ceramic support for the substrate the~ocouple 
temperature monitor, and to raise th• ceramic supports which 
hold and insulate the substrate heaters. It was found that 
glass insulators between the substrate and the substrate 
holder eliminated glass breakage. ~so, the substrate 
heater should be kept away from the substrate for more even 
heat and to eliminate glass breakage caused by contact of 
the substrate with the heaters. 
2. Substrate Heaters 
The substrate heaters were made from two preformed 
tungsten wires. They were formed into a flat spiral with 
lead wires extending up and away fram the heater, each 
wire about 180() away from the other. They were placed in 
series to decrease the current required to heat them to the 
desired temperature. The current to these heaters is 
supplied through two of the high current feed through posts 
and is supplied from a low voltage, high current transformer 
and two rheostats. Two rheostats were used here to simplify 
connection to a 110 volt supply. The larger rheostat was 
designed for 220 volt operation but could not be used this 
way because~it was overrated and good current control 
was impossible (see Figure 4 for circuit diagram). 
3. Resistance Monitor 
110 vcrcr 
su. """ Y' 
Figure 4. 
Figure s. 
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15 
fitted with two pieces of cut glass which are the same 
length as the substrate. They were cut and fitted so that 
they would be the same distance apart along the length of 
the resistance monitor. These glass pieces also raise the 
resistance monitor.off of the substrate holder to prevent 
glass breakage and to allow roam for a clamp to be attached 
to each end of the resistance monitor. These clamps are 
attached. to two of the low current feed through lines and 
externally connected to, an ohmmeter. 
The resistance monitor slide is prepared by depositing 
copper through the opening between this glass mask with a 
piece of copper fitting between the glass mask and a clean 
microscope slide. The width of the copper mask is the s~e 
as ·the distance between the glass strips. When copper is 
deposited on this microscope slide, with the above arrange-
ment, there is a copper path across the substrate except 
for the square area th.e.t has been masked. The piece of 
copper masking is removed and the clamps attached to both 
ends of the slide when depositing nichrome. Thus the 
resistance of a square area is directly read on an ohmmeter 
.i 
which is outside the bell jar. Since 
' (for a rectangular area) where R = resistance, I' = resistivity, 
L = Length, A = area, T = thickness, and W = width, the 
resistance of a square area will. depend on4" on f' and T, 
R/aq·. i: 't/T. Prcm this measurement, the. resistance of any 
'lt.ci;f(; 0 ··. i •· •..•. · " >iij :, J. ~ c''. • . . .~·· ''''" length aftd. 'W'14tb oan be. determined. Therefore it is seen 
16 
that R = f';T (common units of this are ohms/square even 
·though the actual units are ohms) is a measure of the thick-
ness of the thin fiLm and is also useful in determining 
what the resistance of the deposited resistors should be if 
their length and width are known. 
4. Substrate Temperature Monitor 
The thermocouple temperature monitor is a chromel-alumel 
b~etal thermocouple. It is insulated from the substrate 
holder and the junction of the. two metals rests on the 
substrate. It is connected through two of the low current 
feed through lines to a milli-volt meter. Since the 
chromel-alumel wires are not connected directly to the 
voltmeter and since no cold junction is used, those readings 
are inaccurate. However, a comparison between substrate 
temperatures during different depositions can be made •. These 
temperature readings are.assumed to be appro~~mately 
correct. 
S. Evaporation Source Holder 
The filament was .supported by two copper bars which 
were each bolted to one of the·high current feed through 
posts. These bars supported the filament, provided a 
conduction path to both sides of the filament, and provided 
ci. h~t ~ink to remove heat from the ends of the filament. 
~~}!;! t~·~~-!iiament hoiders were made. 
17 
6. Evaporation Heat Sources 
The evaporation heat sources (or filament) used were 
different for each type of material deposited. The nichrome 
filament has been the most critical to design and use. When 
nichrome is evaporated in a bnre tungsten filament, it will 
combine with the tungsten to ruin the filament. Alumina 
. . "" ,.~., . 
_., •. ~.~~.:.,ff~·· ·'~~:-A 
coated conical·'I;Ultgat~f{:baskets and an ~l.ina crucible with 
a tungsten heater we.rfii tested. It was found that the alumina 
coating on the conical baskets is very critical_and all of 
these tested were ruined before. a satisfactory coating was 
-# '. ' ' '" ~, t . ' 
found. The alumina cruci~~~ proved to···be just slightly 
bet·ter; and after its first use, the crucible had melted 
close to the tungsten filament. An alumina paste was used 
to coat the expose.d ,~ungste:Bo, ~d 1:hia waa_'f:hen heated to 
•· • '.. f "' 
above the temperature needed to deposit nichrome. This 
method of preparing the source has proven satisfactory. If 
this alumina melts before deposition is complete, the tungs-
ten may be ruined. A very high purity alumina crucible and 
paste is needed to deposit nichrome; or, another form of 
heatin~ should be used such as electron bombardment. The 
circuit diagram of the nichrome evaporation source is shown 
in Figure 5. The nichrome source is shown in Figure 7. 
A tungsten boat was used to evaporate copper and has 
proven to be satisfactory. The circuit diagram of the 





. • --:::- 'F. 
Fi~ure 7. Nichrome and silicon monoxide evaporat ion sources. 
The nichrome source is sho~vn in front and the 




_Figure 8. Copper evaporation sources. 
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types of tungsten boats are shown in Figure 8. 
The silicon monoxide evaporation source used was made 
of tantalum and designed for deposition of silicon monoxide 
an4 other dielectrics. This source has proven to be satis-
factory also. The circuit diagram of the silicon monoxide 
evaporation source is shown. in Figure 6. The evaporation 
source used is sho'm in Figure 7. 
EVAPORATION TECHNIQUES 
1. Resistor Pattern Design 
The resistor pattern used was designed with nine 
parallel resistors of varying width and varying distance 
bet't~een resistors. All nine resistors were made ~ inch in 
length. The widths and distance between resistors varied 
from 10 to 40 mils. Figure 9 shows the resistance pattern 
an4 distances used. The resistors produced were tested for 
resistance of the resistors, resistance between adjacent 
resistors, and capacitance between adjacent resistors. 
Also, a heat aging test was used to find how stable these 
. ' 
r$sistors were when protected with a silicon monoxide 
coating and when not protected. 
This pattern must then be reproduced on ·the substrate. 
T~'':(u:{"t:'hfs, photographic techniques using Kodak Photo Resist 
.,),. 
F~-.Jllfelvef.,~cc~~·· ~~h.:~~ chemical etch-back process and the 
mecbaai~l mask prOcess. The pattern for this photograph 
~ . ~0 ~ 
~·~~ 
~~~~ 
~ ~""" ~~" "~"S3~ ""~ "" ''"' "'"" "~ ~" ""18 fD 
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~Copper ~~Nichrome 
Figure 9. Resistance and lead pattern. All distances · 
are in mils. 
Figure 10. Stepa in chemical etch-back process 
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was prepared using a large sheet of drawing paper and black 
drafting tape. The drawing was made 50 times larger than 
the final pattern. This drawing was then photographed and 
both positive and negative photographs were prepared for 
both the resistance and lead wire paths. Kodak Photo Resist 
was then used to transfer the image to make the mask or etch 
the deposited material in the Chemical etch-back process. 
The material will only be etched where the photo resist has 
been removed in the developing procedure. 
2 • Internal Mask Design 
A mask, to fit inside the vacuum system between the 
substrate holder and the substrate, is made using this 
photo resist technique. It was decided to use available 
materials to mal~ this mask. A sheet of copper which was 
approximately 10 to 20 mils thick was tried. This proved 
to be too thick because the etching process introduced 
errors due to etching on the sides of the pattern producing 
undercutting. Next, a sheet of heavy aluminum foil was 
tried. Etching this proven to be satisfactory; however, 
after being placed in the vacuum system and after the 
substrates were heated, this mask did not remain in close 
contact with the substrate and is also unsuitable. Three 
mil thick stainless steel should make a good masking 
material (1). 
23 
3. General Procedure for Selective Etching of Copper (19) 
a. Ensure proper light conditions exist before opening 
the photo resist container and for the following 
procedure except when otherwise specified. The 
red light found in most photographic dark rooms 
is acceptable; however, more illumination can be 
obtained using either gold fluorescent tubes or 
yellow "anti-bug-type" tungsten lamps (19). 
b. Dip the cleaned substrate area to be etched in Kodak 
Photo Resist allowing any excess resist to drip off 
or be absorbed by an absorbent paper from the 
bottom edge of the substrate. 
c. Dry in air for 10 minutes or until coating is 
completely dry to the touch. During this time, 
the substrate is kept approximately upright ~nth 
the resist coated portion on the bottom. The top 
edge was leaned against a wall while the bottom 
edge was placed on absorbent paper. The position 
of the substrate had to be changed often for ·the 
• 
first few minutes until the resist stopped flowing 
off the substrate. 
d. Dry in an oven at a temperature below 12~C for 
15 minutes. 80°C to 90°C was found to be complete-
ly satisfactory. Place the substrate in the oven 
so that the side to be etched is not in contact 
with the oven shelves to avoid scratching the 
photo resist coating. 
24 
e. Expose to a high ultra-violet light source through 
the film which is to define the pattern to be 
etched. An over-head projector was used for the 
light source in this e::r.periment. The time· of 
exposure is changeable depending upon the contrast 
of the film used. If it is found that a short 
period of time such as one minute is the proper 
time, more exposure to light may be necessary 
after step "h" and before step "i". 
f. Develop in Kodak Photo Resist Developer for 2i 
minutes with a gentle motion of the substrate 
during the last t minute. The last t minute of 
development may be deleted When the resist protect-
ed area is small. 
g. Let the developer dry on the slide until the image 
is clearly seen. one or two additional rinses in 
developer may be useful in clearing the image; 
however, if a sharp image does not appear, the 
exposure time is probably inaccurate. 
h. Dip in developer and rinse with aerated tap water. 
The ~age should show up clear and sharp now and 
aaY be brought into normal light for closer inspect-
ion. If the image is not canpletely cle.ar at this 
point, clean the slide with trichlorethelene and 
start over. 
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i. If the image is clear, etch in a concentrated 
solution of ferric chloride a.nd distilled water. 
Depending on the thickness of -the copper film and 
on the concentration of the ferric chloride, this 
should take from 5 to 15 seconds. Dip in ferric 
chloride, immedintely wash, and then inspect the 
results to determine if another etching is needed. 
If it' is, continue dipping and washing until a clear 
image is apparent. In some cases the etchmnt etches 
under the photo resis·t before a clear image is 
apparent. .This could be caused by improper eA~osure, 
old developer, or by depositing large copper 
particles. 
j. Clean the substrate with trichlorethelene to take 
off the photo resist and other foreign items. 
4. Procedure for Preparation of Thin Film Resistors by 
the Chemical Etch-Back Process 
a. Place a cleaned and degreased substrate in the 
vacuum system. Also place a second substrate in 
the resistance monitoring position with the copper 
and glass masks in place. This will prepare a 
resistance monitoring substrate to use when deposit-
W aichrome. 
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b. Prepare the evaporation source, and test:it and 
the substrate heaters to see that proper electrical 
contact is made. 
c. Start the vacuum system and wait until the 
pressure is below 4 X lO~mm Hg. 
d. Slowly increase the substrate heater current and 
heat the substrate to about 300°0. If the substrate 
is not heated, the copper will wash off during the 
selective etching process. The substrate heater 
current should be applied slowly to keep from 
breaking the substrate. The current was increased 
to about 20 amperes in about ~ hour. It is normal 
for the pressure to increase during this step 
because of outgassing of the heater, substrate, 
and substrate holder, and because of the gas laws 
( ~·'1::: fr v~ ) The volume is constant and the 1",: 1"'~ • 
pressure is decreasing because the vacuum pumps 
are on; however, the temperature is increasing 
faster than the pressure is decreasing. This causes 
the actual pressure to increase while the temperature 
is increasing. 
e. When the substrate is at the proper temperature, 
start heating the copper evaporation source. 
Close the high vacuum valve on the vacuum system 
and inerease the evaporation source current until 
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the copper has melted. The high vacuum valve 
should be closed at this time to keep from contaminat-
ing the diffusion pump. During this time, impurities 
in the copper will fly away from the melted copper. 
Therefore, the source should be covered. 'rhis is 
accompLished by using a stainless steel sheet attached 
to the motion feed through post. Then decrease the 
current and open the high vacuum valve. 
f. Allow the pressure to decrease below l~!mm Hg. and 
then uncover the evaporation source. 
g. Close the high vacuum valve ~·nd increase the 
evaporation source current until all of the copper 
has evaporated. Immediately decrease the substrate 
heater current by about two amperes to keep from 
breaking the substrate. The copper coating on the 
substrate will tend to hold the heat radiated by 
the substrate heaters and therefore increase the 
substrate temperature. 
h. Slowly decrease the substrate heater current until 
it is off. This must be done even slower than when 
increasing the heater current. 
i. once the heater current is off;monitor the 
substrate thermocouple voltage until it is below , 
one milli-volt. Air ll\aY be aLlowed to slowly 
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enter the system now after the high vacuum valve 
is closed. This allows the substrate and substrate 
holder to cool·to prevent substrate breakage. 
Also, the copper coating may be oxidized if the 
air is let in too soon. 
j. Remove the substrate and resistance monitor slides. 
Remove the copper mask on the resistance monitor 
side. This prepares the substrate holder for 
nichrome evaporation. 
k. Follow the general procedure for selective etchirig 
of copper on page 23. The copper is to be etched 
only where nichrome is to be deposited (see Figure 
10). For best results, the pattern should be 
reproduced in the middle of either or both halves 
of the substrate. Deposition of nichrome in the 
middle of the substrate is uneven because the 
heat from the substrate heaters is uneven here. 
The substrate is heated more evenly closer to the 
ends of the substrate; however, there may not be 
enough heat at the ends, so the middle of each 
half was used. 
1. Place a cleaned resistance monitor substrate in the 
resistance monitor side of the substrate holder. 
Attach the c~ips to the copper which had been 
previously deposited on both ends of this substrate. 
Test the resistances to ground and across thi.s 
monitor. These resistances should be above 50 
meg ohms unless there is a short either at the 
low current feed through lines or at the glass 
mask because of previous depositions. 
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m. Place the etched and cleaned copper coated substrate 
back in the vacuum system. Prepare the nichrome 
evaporation source an4 test it and the substrate 
heaters as in step "b". Test the resistance across 
the resistance monitor and then start the vacuum 
system. 
n. When the pressure is below 2 X 1<f'mm Hg. , start 
the substrate heaters as in step "d" except that 
the final temperature should be above 3oo•c. 
o. When the substrate is at the proper temperature, 
proceed as in step "e" until the nichrome has 
melted .. 
.r p. Allow the pressure to go below 10 mm Hg. before 
continuing. Close the high vacuum valve and 
increase the evaporation source current until 
nichrome starts· to deposit. This is monitored 
by the resistance monitor. During this deposit-
ion the pressure may rise too high for proper 
deposition. If this happens, decrease the evaporat-
ion source current and open the high vacuum valve. 
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Then cLose the high vacuum vaLve and increase the 
source current again.· Continue untiL the resistance 
monitor reads the resistance vaLue wanted. 
q. Decrease the evaporation source current until it 
is off; open the high vacuum valve; and then keep 
the substrate heaters on for one-haLf to one hour. 
This is done to stab~Liae the resistivity of the 
fiLm (9)(11) and aLso tends to remove pinholes 
and heaviLy deposited spots. 
r. Etch the copper off with a concentrated soLution 
of ferric chloride. This also removes the nichrome 
Which was deposited on top of the copper but does 
not affect the nichrome which was deposited on 
gLass. Rinse in tap water and etch again untiL 
a cLear pattern is obtained. 
s. Deposit copper over this nichrome pattern, after 
the substrate has been cleaned, as i.n steps "a" 
through "i". Be sure to have something in the 
resistance monitor position to keep from depositing 
on this substrate heater. 
t. Remove the substrate and follow the general proced-
ure for selective etching of copper to produce 
the copper lead wires. 
u. Deposit silicon monoxide, if desired, following 
the nichrome d~position procedure except that the 
substrate temperature should be kept lower than 
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the temperature used when depositing nichrome. 
Silicon monoxide was deposited over the entire 
resistance pattern and then removed near the copper 
leads. A glass mask was used to cover one of the 
two patterns on a substrate. Photo resist techniques 
(19) could be used but was not necessary in this 
experiment. 
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IV. OONCLUS ION 
DATA ANALYSIS 
Six sets of nine thin film resistors were deposited and 
tested. Two sets of thin film resistors were deposited on 
one substrate. Two of the three substrates made were then 
coated with a Light coat of silicon monoxide on one of the 
two resistor patterns. The third substrate was completely 
coated with a heavier coat of silicon monoxide. Resistance 
tests were made after each step and capacitance tests were 
made before and after deposition of silicon monoxide. Two 
of these substrates were then used in a heat aging test. 
The resistance between adjacent resistors was, in all 
cases, above 70 megohms which is very satisfactory. The 
capacitance between adjacent resistors was? in all cases, 
below two pico-fara.ds for resistors not coated with silicon 
monoxide and below three pico-farads for coated resistors. 
The capacitance between the test 1ea.ds was about four 
pico-farads and the capacitances measured, used this as a 
zero value. The test lead capacitance makes these measur-
ments inaccurate; however, the range of capacitance 
measured is so small that it should have little effect on 
circuit design. 
For the purpose of identification? the resistors 
were numbered from one to nine as shown in Figure 10. 
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The two patterns on each substrate are identified by the 
terms right {R) and left (L). Resistor numbers "one'' are 
always closest to the end of each substrate and resistor 
numbers "nine" are always closest to the center of each 
substrate. 
The resistance of each resistor, after leads were 
deposited and before silicon monoxide was deposited, and 
the corresponding ohms/square value are shown on Table 1. 
The oluns/square value was computed from the measured resist-
ance and from the known length and width (R = KL/W where 
K = resistance per square area). The resistance monitor 
value is also included; however, comparison of these values 
is not accurate because the resistance monitor had only an 
approximate square area. 
Evaluating Table l, the values of K generally decrease 
from resistor one to resistor nine. The resistance deposited 
should be constant along a sphere with the evaporation source 
as the spheres center. Since the substrate is flat, the 
deposited resistance will vary. The variation of heat along 
the substrate could have affected the resistance deposited; 
however, there was no way to evenly heat the substrate to 
test this. 
The values of K, on the left ~ide of slide l, decrease 
from resistor one to five and then increase to resistor nine. 
It wae \\Pted that the evaporation source was almost directly 
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Tabl.e 1. Resistance measurements after deposition of 
copper ~eads .. 
S~ide 1 Slide 1 Slide 2 Slide 2 
R (..n.) K (JI../.sr-) R (..n.) K (Jt./sr-) 
R-1 2210 177 3180 254 
R-2 2010 161 2970 238 
R-3 4000 160 5600 224 
R-4 3850 154 5200 208 
R-5 3700 148 5150 206 
R-6 7550 151 9950 199 
R-7 7800 158 9550 191 
R-8 7000 140 9480 190 
R-9 6680 134 9480 190 
L-1 2210 177 2630 210 
L-2 1860 149 2500 200 
L-3 3550 142 4810 193 
L-4 3400 136 4780 192 
L-5 3310 132 4820 193 
L-6 7250 145 9900 198 
L-7 7200 144 9850 197 
L-8 7280 146 9650 193 
L-9 7300 146 9650 193 
Slide 3 Slide 3 Resistance monitor 
R (./\.) K (.A/.sr.) 
13 7 .JI,. Slide 1 R = 
R-1 2650 212 Slide 2 R = 175 .,.1\. 
R-2 2450 196 Slide 3 R - 178.1'--
R-3 5080 203 
R-4 4750 190 
R-5 lJ-700 188 
R-6 10600 212 
R-7 9950 199 
R-8 10200 204 
R-9 00 
L-1 2530 202 
L-2 2380 190 
L-3 4760 190 
L-4 4800 192 
L-5 4620 185 
L-6 11220 222 
L-7 10700 214 
L-8 c:::llC 
L-9 10250 205 
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below resistor L-5 and this was the reason for this variation 
of K. The substrate holder was then moved so that the middle 
of the substrate was directly above the evaporation source. 
The values of K for the right side of slide 2 decrease 
consecutively from resistor one to resistor nine; however, 
the left side of slide 2 and both sides of slide 3 do not 
show this except as a general trend. These deviations could 
be due to uneven substrate heat or are more probably due to 
errors in the selective etching process. The thickness of 
the film deposited on slides 2 and 3 is less than the thick-
ness deposited on slide 1. Therefore, the substrate surface 
could have affected these resistors. on slide 3 resistors 
R-9 and L-8 were infinite because the photographic process 
failed to give a clear image for these resistors. 
After one side of slides l and 2 were coated with 
·silicon monoxide, these resistors were used in a thermal 
aging test (24). In this test the substrate was placed in 
an oven and the resistances were measured periodically. 
The temperature of the substrates during this test was 
between 23o•c and 240°C. During this test, it was found 
that the copper leads would oxidize and become non-conduct-
ors. Therefore,.the resistances measured were obtained by 
placing the probes on bare nichrome at the ends of each 
resistor. These probes were made from clamps which had 
braes tacks soldered at their tips. Wh•n measuring 
tb4ut• Jl'@l!.ators, a certain amount of contact resistance 
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was noticable. This has caused errors in some of the 
recorded values. An attempt was made to minimize this 
effect by moving the probes and pressing them tight against 
the resistors. Error could have also been introduced by 
incorrect readings for the initial resistance. 
The resistance values obtained in this test for slide 
2 are shown in Table 2. During this·test slide 1 broke 
and partially ruined some of the resistors; however, the 
resul.ts obtained were simil.ar. As a means of comparison, 
all resistors were normalized by dividing the resistance 
values by their respective initial resistances. These 
values of R/R0 are shown in Table 3. 
Figures 11 and 12 show a graph of one coated and one 
uncoated resistor. These curves are typical of the other 
resistors of the same width. Figures 11 and 12 show that 
the resistors that have been coated with silicon monoxide 
tend to remain more constant and also remain closer tb 
the ~nitial resistance after four hours of testing. 
R.ECOMMENDATl:ONS FOR IMPR.OVEMENT 
No facilities were available to keep the vacuum system 
• 
and. substrates "cl.ean" during this experiment • Although 
this was not found to be a major difficulty, a "clean room" 
wi~l be necessary if high quality and smaller width resistors 
are. t::o be aade.. 
Table 2. Resistance measurements of s~ide 2 during the 
heat aging test. 
Time Resistance 
(hrs) (ohms) 
R-1 R-2 R-3 R-4 R-5 
0.:00 3090 2880 5620 5180 5080 
1:10 3500 3220 63.10 52.5.0 5650 
2a35 3520 3230 6380 5820 5680 
3:35 3850 3300 6800 6200 6300 
Sa-30 4050 4700 7400 71.50 6950 
8:00 4880 4400 7750 6710 6800 
11a09 4220 4190 7550 7450 6950 
18:54 4780 4250 8500 7350 7000 
26:02 5450 5300 7750 7300 7350 
48a18 7750 4300 8150 9900 7210 
60:18 9650 4520 8400 8510 7400 
70:38 5680 4430 8300 7210 6910 
80:23 4480 4240 7600 7270 7870 
95:43 7850 5000 7900 7350 7450 
L-1 L-2 L-3 L-4 L-5 
OaOO 2820 2780 5250 5750 5100 
1r10 3200 3020. 5750 6210 5700 
2:35 3280 3000 6020 6300 6010 
3:35 4800 3120 7600 7200 6400 
.$c30 5300 3080 6950 6750 5830 
8:00 7250 3320 6150 6550 6150 
1),.09 7500 3200 6000 6850 5700 
l8t.!t4 4~10 3110 6380 6600 5700 
26:02 3750 3210 7300 7500 6250 
48:18 7000 3780 6580 6850 6150 
6~'118 6710 3490 6800 7350 6100 
70a-'8 7970 ·3160 6220 6820 6400 
80:23 7200 3120 7320 6950 6000 
95a43 4000 3080 7450 7050 6150 
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Table 2. Continued 
Time Resistance (hrs) (ohms) 
R-6 R-7 R-8 R-9 
0;00 9850 9400 9300 9200 
1~10 10950 10550 10600 10150 
2:.35 1.0850 10800 10200 10200 
3,35 11900 12100 11150 10700 
. 5:30 12700 12350 11800 12200 
&&00 13100 12600 12150 13200 
11a09 14300 12200 12200 12500 
18a~4 13100 11600 12200 11600 
26:02 13400 12900 12100 1250Q 
48a18 17200 21500 12700 12900 
60:18 20900 16100 12600 1275~ 
70:38 128!50 12380 19100 18030 
80:23 13300 13000 1.1950 12050 
95&43 13050 13800 16500 12350 
L-6 L-7 L-8 L-9 
0:00 106·00 1.0150 10200 9200 
1;10 10950 11700 11100 106~6 
2:35 12000 1.1600 11100 11220 
3:35 13400 11800 11700 11700 
5:30 11650 11600 11800 1100Q 
" 8a00 11950 11850 10800 1205Q 
11t09 12300 11700 11050 11250 
18t54 11700 11050 11000 11250 
29a02 12000 11400 11200 11000 
48a18 12100 11400 1l.OSO 11800 
60a18 13550 11650 11180 11200 
70J38 13900 11980 11500 12250 
a@'~' 12400 12250 11230 13400 95;43 11750 11850 11100 109.50 
.... 
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Table 3. N01nnalized resistance measurements of slide 2 
during the heat aging test. 
Time R/Ro (hrs) 
R-1 R-2 R-3 R-4 R-5 
0:00 1.ooo 1.ooo 1.ooo 1.ooo 1.ooo 1:10 1.132 1.119 1.130 1.109 1.111 
2:35 1.140 1.120 1.135 1.122 1.118 
3:35 1.247 1.145 1.210 1.198 1.240 
S:30 1.310 1.630 1.317 1.380 1.368 
. 
8:00 1 • .580 1.527 1.379 1.295 1.339 
11:09 1.368 1.455 1.342 1.438 1.368 18:54 1.550 1.475 1.512 1.418 1.~77 
26:02 1.765 1.840 1.379 1.409 1.446 
48:18 2.51 1.492 1.450 1.910 1.419 
60:18 3.12 1.568 1.495 1.641 1~455 
70:38 1.840 1.539 1.478 1.390 1.360 
80:23 1.450 1.470 1.353 1.402 1 .. 550 
95:4.3 2.54 1.735 1.408 1.419 1.463 
L-1 L-2 L-3 L-4 L•S 
0:00 1.000 1.000 1.000 1.000 1.000 
1:10 1.133 1.088 1.096 1.080 1.118 
2:35 1.162 1.080 1.147 1.096 1.178 3:35 1.700 1.220 1.449 1.252 1.255 
~:~() 1.880 1.109 1.325 1.173 1.142 
8:0Q 2.57 1.195 1.172 1.139 1.206 
11:09 2.66 1.150 1.143 1.191 1.11.8 
18:.54 1.490 ·1.119 1.217 1.148 1.118 
26:02 1.330 1.154 1.390 1.304 1.225 
48:18 2.48 1.360 1.254 1.191 1.206 
' 
.. 
, .. '., 
1.279 1.197 40:18 2.38 1.256 1.295 
70:38 2.83 1.138 1.184 1.186 1.255 
80:23 2.SS 1.122 1.395 1.209 1.178 
95:43 1.420 1.109 1.420 .. 1.225 1.205 
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Table 3. Continued 
Time R/R0 (hrs) 
R-6 R-7 R-8 R-9 
0:00 1.000 1.000 1.000 1.000 
1:10 1.111 1.122 1.140 1.105 
2:35 1.101 1.150 1.098 1.110 
3:35 1.209 1.288 1.200 1.164 
5:30 1.290 1.315 1.269 1.328 
8:00 1.330 1.340 1.308 1.438 
11:09 1.452 1.299 1.311 1.360 
18:54 1.330 1.235 1.311 1.260 
26:02 1.360 1.373 1.301 1.360 
48:18 1.747 2.29 1.36.5 1.403 
60:18 2.12 1.712 1.355 1.388 
70:38 1.305 1.317 2.05 1.960 
80:23 1.352 1.383 1.287 1.310 
95:43 1.382 1.469 1.777 1.342 
L-6 L-7 L-8 L-9. 
0:00 1.000. 1.000 1.000 1.000 
1:10 1.034 1.152 1.088 1.155 
2:35 1.132 1.144 1.088 1.221 
3:35 1.265 1.163 1.147 1.272 
5:30 1.100 1.144 1.156 1.198 
8:00 1.128 1.168 1~059 1.310 
11:09 1.160 1.152 1.083 1.223 
18:54 1.104 1.089 1.079 1.223 
26:02 1.132. 1.125 1.099 1.198 
48:18 1.142 1.125 1.083 1.282 
60:18 1.280 1.148 1.096 1.218 
70:38 1.311 1.180 1.127 1.332 
80:23 1.170 1.208 1.101 1.458 
95:43 1.110 1.168 1.088 1.191 
R-5 without '\ 
SiO coating\ /~./'1 
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Figure 11. Heat aging test results. 
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Figure 12. He4t aging test re$u4ts. 




The diffusion pump was run in this experiment without 
liquid nitrogen in the cold tra.p. This increased the time 
needed to decrease the pressure in the vacuum system and 
increased the lowest possible pressure. ~so, it is felt 
that by depositing nichrome at a lower pressure the resist-
ance deviations may decrease. 
The substrate material should be made from some material. 
other than glass to elLffiinate breakage and increase substrate 
temperature. A Pyrex or Corning glass would probably be 
satisfactory. Also, a method should be devised to make 
the substrate smoother. It is not known if the roughness 
of the substrate affected the resistors deposited. 
The chemical. etch-back process has proven to be effec-
tive during this experiment; however, a physical. mask may 
prove to.give better results. This mask.should be made 
from a thin, flat, metal. and some means of registering 
this mask exactly to the substrate must be developed. 
This could possibly be done with a micro-positioning jig. 
The resistance monitoring ability of this system must 
be improved to be able to deposit resistors of better 
tolerance. The major concern of thia thesis was to deposit 
thin film resistors between 100 an4 200 ohms/square and 
test them. Within this thesis, these objectives have 
been met. 
! f ,, : • • .f~ 
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